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Shinohara, S. and Aizawa, Y. (Dept. Appl. 
Phys. Waseda Univ.) 
Because of the violation of the twist 
condition, 1nany important theorems such as 
the I<AM theorem and the the Poincare-
Birkhoff theorem cannot be applied to non-
twist Hamiltonian systems. When a pertur-
bation is added to these systems, very 
complicated phenomena, so-called reconnec-
t ions of twin-chains, are ·observed in the 
vicinity of the shearless KAM curve on which 
the twist condition is violated: twin resonant 
chains appear on both sides of the shearless 
I<AM curve, and the separatrices of the twin-
chains merge at a certain parameter value. 
In order to understand the mechanism of 
the transition to chaos in non-twist systems, 
we numerically determined the breakup 
thresholds of shear less KAM curves in a 
simplest example of a nontwist system called 
quadratic map, 
T: { In+l ==In- I< sin(Bn), 
Bn+l == Bn + fll(In+I), (mod 27r) (1) 
!11-(I) == 21fJ.1- 12 , 
where J{ represents the strength of the 
perturbation, and 1-1 is the maximum of the 
twist function f 11-· 
By using the symmetry of the mapping T, 
we found that the shearless KAM curve crosses 
the B-axis at 
(2) 
for any parameter value[3]. 
In order to obtain the breakup threshold 
of shearless KAM curves, we numerically 
iterate the point (B, I)==(B+, 0) for each set 
of J.1 and /{, and examine whether the mo-
tion is bounded or not. In cases when the 
motion is unbounded, the shearless KAM 
c~rve is considered to have been destroyed. 
F1gure 1 shows the breakup diagram, where. 
the shearless KAM curves exist in the grey 
region but do not exist in the white region. 
The P jQ curves plotted in Fig.l are the 
reconnection thresholds for twin-chains with 
rational rotation numbers PjQ. K(1) and (2) rec 
Krec represent analytically derived reconnec-
tion thresholds for period-one and period-two 
twin-chains, respectively[!]. 
As shown in Fig.l, the boundary of the 
breakup diagram reveals many sharp 
singularities like fractals on the reconnection 
thresholds. We expect that much more fine 
structures, corresponding to the reconnection 
thre.sholds for twin-chains with higher period, 
are unmersed in the diagram. 
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Fig. 1. The breakup diagram of shearless 
KAM curves. The critical parame-
ter value determined by del-Castillo-
Negrete et al.[2] is plotted as (J.lc, Kc)· 
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